Introduction
Since the pioneer paper of Curzon and Ahlborn (1975) 
Equation (1) was previously advanced by Chambadal (1957) and Novikov (1958) , among others, and has been recovered by some procedures (Salamon, et al., 1976; Rubin, 1979a Rubin, , 1979b Rubin, , 1980 Bejan, 1996; Gutkowicz-Krusin et al., 1978 among others) . Particularly, the optimal configuration of heat engines was studied (Rubin, 1979a) , and it was introduced a procedure in which the power output of cycle is taken as a function of the compression ratio by using the parameter ~ , where max V and min V are the maximum and the minimum volumes spanned in the cycle, respectively (Gutkowicz-Krusin et al., 1978) . More recently, this subject has been also studied by other authors (Badescu, 2004; Amelkin, et al., 2004 Amelkin, et al., , 2005 Song et al., 2006 Song et al., , 2007 . Even more Angulo-Brown (1991) introduced an optimization criterion of merit for the Curzon and Ahlborn cycle taking into account entropy production, the ecological criterion, through the function,
where P is the power output, C T is the temperature of cold reservoir an  is the total entropy production. The function in (3) is known as ecological function, and at maximum of this function the efficiency of Curzon and Ahlborn cycle can be written as, 
A comparison of values obtained with the previous expressions of efficiency, for some plants reported in the literature of finite time thermodynamics, is shown in Table 1 . Notice that the ecological criterion proposed by Angulo-Brown for finite-time Carnot heat engines, Equation (3), represents a compromise between the high power output P and a loss power output, C T  . However Yan (1993) showed that it might be more reasonable to use 00 EP T   if the cold reservoir temperature C T is not equal to the environments temperature 0 T because in the definition of E two different quantities, exergy output, P, and a non-exergy C T  , were compared together. The criterion with function 0 E is more reasonable than that presented by Angulo-Brown. Nevertheless, since 0 EE  when 0 C TT  it can be used as the optimization of E without loss of generality. Recently, following the procedure of Gutkowicz-Krusin et al (1978) the form of the ecological function and its efficiency was found using the Newton heat transfer law and ideal gas as working substance (Ladino-Luna & de la Selva, 2000) , and using Dulong-Petit heat transfer law for ideal gas as working substance (Ladino-Luna,2003) . It is important to remark that Curzon and Ahlborn efficiency is an adequate approximation for conventional power plants, and ecological efficiency is the adequate approximation for modern power plants (nuclear and others), as it is shown in Table 1 . On other hand, in nature there are no endoreversible engines. Thus, some authors have analyzed the non-endoreversible Curzon and Ahlborn cycle. Ibrahim et al. (1991) , and Wu and Kiang (1992) proposal include a non-endoreversibility parameter to take into account Figure 1 . T is in Kelvin scale.
internal irreversibilities in the cycle. Later, Chen (1994 Chen ( , 1996 analyzed the effect of thermal resistances, heat leakage and internal irreversibility with these parameter definite as,
where C S  is the entropy change during heat exchange from the engine to the cold reservoir, and H S  is the entropy change during heat exchange from the hot reservoir to the engine. Chen et. al. (2004 carried out the ecological optimization for generalized irreversible Carnot engine with heat resistance, heat leakage and internal irreversibility for newtonian heat transfer law. Zhu et. al (2003) used a generalized convective heat transfer law () n QT  , and generalized radiative heat transfer law ( ) n QT  . More recently the ecological optimization for generalized irreversible universal heat engine, including Diesel, Otto, Bryton Atkinson, Dual and Miller cycles, with heat resistance, heat leakage and internal irreversibility was carried out for newtonian heat transfer law . The non-endoreversible Curzon and Ahlborn cycle model is shown in Figure 2 . The efficiency of Curzon and Ahlborn cycle using the parameter in Equation (5), at maximum power output was found as (Chen, 1994 (Chen, , 1996 ,
On other hand, Angulo-Brown et al (1999) showed that a general property of endoreversible Curzon and Ahlborn cycle demostrated previously (Árias-Hernández & Angulo-Brown, 1997) can be extended for a non-endoreversible Curzon and Ahlborn cycle. Besides, Velasco et. al. (2000) follow the idea in Chen (1994 Chen ( , 1996 , and they found expressions to measure possible reductions of non-desired effects in heat engines operation. They pointed out that I S is not depending of  and re-wrote Equation (6) 
Even more, Angulo-Brown et. al. (2002) applied variational calculus to show that both the saving function (Velasco et. al., 2000) and a modified ecological criterion are equivalent. These previous results have been found assuming an ideal gas as working fluid. However, in a real context, a thermal engine works with a non-ideal gas. The performannce of a finite time cycle with a van der Waals gas as working fluid was analyzed among others by Agrawal & Menon (1990) , and more recently by Ladino-Luna (2005) . Fig. 2 . Non-endoreversible Curzon and Ahlborn cycle in the S-T plane. I Q is the generated heat by internal processes.
In the present work it is shown that some of internal irreversibilities can be taken into account for a more general expressions of both power output and ecological function, with a non-linear heat transfer law like ()
, assuming the Curzon and Ahlborn cycle with non-instantaneous adiabats. Approximate efficiencies curves at maximum power output and at maximum ecological function are shown for Ladino-Luna, 2008) . The cycle analysis shall be treated assuming both ideal gas and van der Waals gas as working fluids. Also, we show that power output and ecological function have a similar property when the compression ratio is taking into account, e. g. the efficiency obtained at maximum of each of objective function with the definition / CH TT   is a bound for efficiencies, when an engine is modeled as a Curzon and Ahlborn cycle working at maximum of each objetive function and the time of all the processes in the cycle is took into account (Ladino-Luna & de la Selva, 2000; Ladino Luna, 2003 is known when heat exchanged is also known. In this description, the temperatures of working gas in the isothermal processes, HW T and CW T , are assumed to be the same as that of the corresponding reservoirs. As a consequence the process associated with the heat transfer between the engine and the reservoirs is ignored. The upper limit of the efficiency of any heat engine corresponds to the Carnot cycle, C  , in which the temperatures of the reservoirs are the same as the temperatures of the heat engine in Figure 1 , as it was shown in Equation (2). Thus, the definition of efficiency of an engine working in cycles leads to the Carnot efficiency, fulfilling, 
Thus, the problem of finding the efficiency of a heat engine modeled as a Curzon and Ahlborn cycle, and using either of two alternatives, maximizing power output or maximizing ecological function, becomes the problem of finding a function () zz   , as complicated or simple as to allow the heat transfer law being used and the chosen procedure. So, substituting () zz   in expression (9) the efficiency is obtained as
So we can use the Newton's heat transfe law, and also we can assume the same thermal conductance  in two isothermal processes of Curzon and Ahlborn cycle. The heat exchanged between the engine and its surroundings can be expressed as,
(11)
The Gutkowics-Krusin, Procaccia and Ross model
With the previous ideas, to make the present paper self-contained we include in this section a brief explanation and some results of model used by Gutkowicz-Krusin et al (1978) , and others that we need for our present purposes. In their model Gutkowicz-Kru et al. consider a working substance inside of a cylinder with a movable piston as engine, and also they considered an ideal gas as working fluid, contained in the cylinder and the mass of piston not negligible. The inertia of the movable piston does not affect the endoreversible character of Curzon and Ahlborn cycle to consider the expansion of gas, and because the volume occupied by the gas in the expansion and compression can be written as
where V is the volume occupied by the gas, A is the cross section area (constant) of the cylinder and l is the distance traveled by the piston in the expansion or compression of gas. The acceleration of the piston during the processes is
so that, from the pressure definition,
and with the Newton's second law, namely ( 
For the gas+piston system, the difference in internal and external pressures is expressed by
On other hand, conservation of energy law of the system can be written as
where the last term represents the power output during the movement of piston to take volumen V. Substituting (16) in (17) it is obtain
which means that the system is in mechanical equilibrium with its surroundings. Now, we can find the form of time for each process using the Newton's heat transfer law, Equation (11). For isothermal processes, using an ideal gas we have U = U(T)=constant, indicating that (18) is reduced to the expression,
Due to the equation of state for ideal gas, (19) can be written as
    
and the times for the adiabatic processes have been assumed to be: 
where R is the general constant of gases. The heat flows, H Q and C Q are assumed to be given by Newton's heat transfer law, as (11 
and its maximization conditions /0
and
where  represents the external parameter,
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Upon substiting Equation (31) in Equation (9) and because the terms in the series (31) are positive, an upper bound for the efficiency is obtained when 0   , i.e. when the engine size goes towards infinity, it is the following one:
In the next section we construct the equation analogous to (31) for the ecological function following the Gutkowicz-Krusin, Procaccia and Ross model outlined here.
The ecological function
In the ecological function, Equation (3), we take P from Equation (26) and the entropy production term  as
, where S  represents the entropy change caused at the isothermal processes because of the heat transfers Equation (11),
tot t is given by Equations (22) to (25), and in terms of the variables ( , ,
where, thanks to the endoreversibility condition, we have used the thermostatic results With Equations (26) and (34)   and  a given constant value. It is apparent that the maximum power output is achieved with high production of entropy, it is also apparent that zero entropy production is achieved with zero power output, while the function E represents the maximum possible power output with the minimum possible entropy production. Upon maximizing the two variables function (,) EE u z  (  defined positive and  defined semipositive, being external parameters), we obtain for / 0 Eu   and / 0 Ez   , at first () uu z  , as in case of maximizing power output, and later the following relation between the variables z and u, Substituting u from (27) in Equation (36) it is obtain the equation that z obeys at the maximum of the ecological function, namely,
If we suppose () zz   given by the power expansion,
we find, upon taking the implicit successive derivatives of P z with respect to  in Equation (1 3 ) 12 () 1
(
Furthermore, using (39), we can write the efficiency as a power series in  ,
In the particular case when 0
and the corresponding value for the ecological efficiency with instantaneous adiabats is as:
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The linear approximation
As we can see in Equations (31) 
and the corresponding linear approximation of ecological efficiency is as,
As can be seen, the linear approximation of efficiency, maximizing power output or ecological function, has the form, (45), is obtain as,
Taking JO  as Curzon and Ahlborn-Novikov efficiency or ecological efficiency, it is true,
A particular value of efficiency JL  permits find the interval 0
and Equation (48) permits find, from (46),
which leads to inequality www.intechopen.com , where we can be see the correctness of (50) www.intechopen.com In real compressors, named alternative compressors with dead space, percent of volume in the total displacement of a piston into a cylinder is named dead space ratio, defined as () / ( ) c volume of dead space volume of displacement  , (Burghardt, 1982 Compression ratio is a useful parameter to model the behavior of a thermal engines, but it is not easy to include this parameter in design of power plants, would be interesting find a model in which C r could be explicitly incorporated in design power plants. 
Non-instantaneous adiabats with Dulong-Petit's heat transfer law
The ecological efficiency has also been calculated using Dulong and Petit's heat transfer law (Angulo-Brown & Páez-Hernández, 1993; Arias-Hernández & Angulo-Brown, 1994) , maximizing ecological function. Their numerical results have shown that the efficiency value changes with the heat transfer law one assumes. Velasco et al. (2000) studied both the power and the ecological function optimizations, using Newton's heat transfer law. It is worthwhile to point out that in all of the above quoted calculations the time for the adiabatic processes is not taken into account explicitly. In the present section the power output P, and ecological function E are chosen to be maximized. Use is made of the more general Dulong and Petit heat transfer law, and the time for all the processes of the Curzon and Ahlborn cycle is explicitly taken into account, to see if the construction of a function output of a Curzon and Ahlborn engine, it is shown an approximate expression for efficiency by means of also the Dulong and Petit's heat transfer law, and the corresponding zero order term in a power series of the parameter  above cited. We follow the procedure employed in the previous section.
The power output efficiency
Let us assume a gas in a cylinder with a piston as a working fluid that exchanges heat with the reservoirs like in previous section, and let us use a heat transfer law of the form:
where 1 k  ,  is the thermal conductance which is assumed the same for both reservoirs, / dQ dt is the rate of heat Q exchange and i T and f T are the temperatures for the heat exchange process considered. From the first law of thermodynamics applied to gas under mechanical equilibrium condition, i.e.,
and assuming an ideal gas as working substance () UU T  . One has in case of isothermal processes 0
 . Using Eq. (51) we obtain, for the isothermal processes that
Equation (53) implies that the time of the process along the first isothermal process is
and analogously, the time along the second isothermal process is
The corresponding heat exchanged H Q and C Q become, respectively,
where, R is the general gas constant and 1234 ,,,, VVVV are the corresponding volumes for the states 1,2,3,4 in Figure 1 . While it is true that the speed for the adiabatic branches is independent from the speed of the isothermal ones in the cycle, but with a non null value, in order to obtain a more realistic result it will be assumed that their speed follows a similar law to the isothermal ones. The previous assumption means that the rate of change of volume in the first adiabat is the same that in the first isotherm. Under this assumption, the time along the adiabatic processes is respectively, 
VV T T   
; so that after making the exchange of variables as in Equation (26), P becomes,
with the same parameters as in previous section. By means of / 0 Pu   and / 0 Pz   we obtain,
and,
Substituting the variable u in Equation (62) with the help of Eq. (61), the resulting expression is the following one, which shows the implicit function (,)
Because the solution of Eq. (63) is not analytically feasible when k is not an integer, the case discussed here is 5 / 4 k  , the Dulong and Petit's heat transfer law. So one can take the reasonable approximations only for the exponents in Equation (63),
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Equation (65) allows to obtain the explicit expression for the function (,) zz k
Taking now 5 / 4 k  in Equation (66) we obtain the following value for the physically acceptable solution of (63) 
The numerical results for 1 Figure 7 shows the comparison between OPDP  and CAN  with the temperatures of the reservoirs in real plants (Angulo-Brown & Páez-Hernández, 1993; Velasco et al., 2000) . These approximations allow the following approximate analytical expression for (, )
For the case 0   , that corresponds to instantaneous adiabats, and taking 5 / 4 k  in Equation (78) 
The negative root has no physical meaning because efficiencies must always be positive. Let it be assumed now that z given by equation (78) is a power series in the parameter  , i.e., 23 12 1( , ) 1( 1 ( ) ( )( ) ) 
and 
The van der Waals gas
The internal energy in the case of a van der Waals gas for n moles, with a change of temperature 0 TTT   , at volume V , and with the characteristic constant a of the system, and the constant heat capacity C can be written as,
So that taking the temporary derivative for an adiabatic process,
the first law of thermodynamics leads to 
so that, for a non linear heat transfer law, more general than Dulong and Petit heat transfer law, as
with the constant thermal conductance  , and the constant exponent k ,
On other hand, the state equation for a van der Waals gas, with a constant b characteristic of the system, which is a more realistic model for a real gas, takes the following expression, with constant parameters a and b, 
By taking 1 n  , Equation (91) into Equation (90) 
In the case of a Curzon and Ahlborn cycle (Figure 1 ), for the heat exchange between the engine and the reservoirs, Equation (93) leads to the time of the isothermal processes by taking its integration. Moreover in the case of adiabatic processes / 0 dQ dt  , so that Equation (87) reduces to
and one can obtain
or as it is usually written,
Also, the duration time of the adiabatic processes can be obtained by integration of (93). Therefore the duration time of all processes in the cycle can be obtained from Equation (94), and Equation (96) leads to the relation between temperatures of the engine and the changes of volume in the adiabatic transformation.
Power output and ecological function
Taking into account the difference of temperatures between the engine and its reservoirs (Figure 1 ), it can be written the time for all of the processes in the cycle from Equation ( 
wher OPDP z is the same approximate efficiency previously found in section 3, following the procedure by Ladino-Luna (2003 
Conclusions
A first result is the fact that the efficiency for a Carnot type engine depends on the size of the engine, the compression ratio, as represented by the parameter ~ . It is worthwhile mentioning that exist an interval for  , ~0.5, were the approximation employed is acceptable within 5% of the true value of () z  for 0 1   as shown. A last result is shown in Figures where one can appreciate that the difference between using Newton's or Dulong-Petit's heat transfer laws does not lead to an important difference in the value of the ecological efficiency. It has also been shown that for the Dulong-Petit heat transfer law and the ideal gas law, the limit 0   reduces to the reported result. Also, the results suggest that can be extended a new interpretation as the way to real performance of the thermal plants. It shows a mixture between Newton and Dulong-Petit heat transfer laws. Non-endoreversible cycles could be analyzed using noninstantaneous adiabats together with non-linear heat transfer .
